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Description 

-me present invention relates generally to addition polymers and. more specifically, to 1-alkene/maleic 
anhydride tree-radical addition polymers which contain from 55 to ©5 mole percent of units derived from 
5 maleic anhydride which units are randomly distributed throuflhout the polymer chains making op the 

POlV Thos© skilled in the art have commonly believed that polymers of maleic anhydride and 1-alkenes only 
form polymers containing approximately equimolar ratios of maleic anhydride and 1-alkenes (also known as 

"alpha-alefins"). , . . . ^ . . 

to For example, U.S. Patent No. 3,461,109 to Heilman et al. teaches that copolymers of maleic anhydride 
and an aliphatic olefin such as 1-hexene can be reacted jn molar ratios of olefin to maleic anhydride varying 
from 0.1:1 to 100:1. However, Heilman et al, teaches that the result is a copolymer product that is 
essentially a chain of alternate groupings of maleic anhydride and the olefinic monomer reactants even 
though much higher or lower ratios of olefin to maleic anhydride than 1:1 were used- Heilman et al. teaches 
ts that the reaction temperatures to make such polymers are between 20 *C, and 200 *C, with preferred 
temperatures between 50 and 12Q-C. Examples 17 and 18 of this Heilman, et al. patent teach reacting 
100 moles of maleic anhydride with l mole of 1-hexene at 60 *C for 165 hours to obtain a large, semi-solid 
gummy agglomerated mass. No analysis of tfie resulting mass is reported in those examples. Various 
methods for bringing the reactants together are taught such as by mixing all of the reactants together in a 
sto batch system or by adding the olefin intermittently or continuously to the reaction pot 

Similar teachings with regard to processing, molar ratios, and the equimolar composition of the final 
product for polymers of maleic anhydride with other 1-alkenes are found In Hazen, et al. U.S. Patent Nos. 
3 553,177; 3,560,455; 3.S60.458; and 3,560.457 and in Heilman, et al. U.S. Pat. No. 3.706,704, all of which 
are assigned to Gulf Research & Development Company, as is U.S. Pat No. 3.461,108. U.S. Pat. No. 
25 2 93a 016 to Johnson (Monsanto Chemical Company) has a similar statement about equimolar nature of the 
final product, but Examples 34, 35 and 39 employ an initial excess of maleic anhydride and more olefin is 
then added during the process. 

U S Pat. No. 4.353,573 to Verbrugge teaches that terpolymers ot maleic anhydride and alpha olefins 
containing a small excess of maleic anhydride relative to total alpha olefin can be obtained under certain 
conditions such as when high initiator levels are used. Verbrugge teaches terpolymers containing up to 60 
mole percent of maleic anhydride although his examples teach adding molten maleic anhydride and initiator 
dropwise to a flask containing solvent and alpha olefins that was heated to 160 * C 

U.S. Pat. No. 4.522,992 to Verbrugge contains similar teachings with regard to terpolymers containing 
maleic anhydride, an aromatic monoaikenyl monomer such as styrene and a Valkene having at least 18 
*s carbon atoms. However, the process used is different since, In the Examples, one alkene is placed in a 
flask witti solvent and heated to 140' C. The maleic anhydride is placed in one dropping funnel and the 
aromatic monomer and initiator is placed in a second dropping funnel. The contents of the dropping funnels 
are slowly added to the heated flask over a period ot time, ■ 
U S Pat No 3 178,305 to Muskat teaches use of peroxide catalysts in excess of 2% coupled with 
40 temperatures in excess of 90 where the monomers reacted are in the molar ratio of 1:2 to 2:1 olefin to 
maleic anhydride to result in a product which usually has a molar ratio of substantially 1:1- 

U S Pat No 2,542,542 to Lippincott et al. teaches reacting maleic anhydride with 1-alkenes at 100 * to 
200 *C using a peroxide catalyst where the presence and nature of the solvent used changed the molar 
ratio of maleic anhydride to 1-alkene.tn the product. 
45 Contrary to accepted belief U.S. Patent No. 4.192,930 to Beck, et al. teaches that the copolymers 
used are preferably those comprising maleic anhydride and olefins in a molar ratio of 0.8:1 to about 1.8:1 
and states that such are known in the art. yet no specific examples of the manufacture of polymers having 
greater ttian 1:1 molar ratios of maleic anhydride to olefins are given. U.S. Pat. No. 4.072,621 to Rose 
teaches that the ratio of maleic anhydride to vinyl alkyl ether or 1-alkenes having 1-4 carbon atoms in the 
so , polymers useful in his invention is from 2:1 to 1:2. but does not give examples showing ho* to make 
polymers containing greater than equimolar ratios of maleic anhydride. 

U S Pat No 3,261 798 to Farley teaches maleic anhydride/alpha-olefin copolymer where the reactants 
are added in a molar ratio of 1:1 to 190 (maleic anhydride excess) made at 130- C to 180'ft ■ m solvent 
usind dialkyl peroxides- Use of a solvent is said to result in inclusion of greater than stoichiometric amounts 
66 of maleic anhydride in the product such as 1:1-43. Example 1 of the Farley patent teaches adding all of the 
olefin mixture and one half of the initiator to the reaction vessel and then adding the remainder of tf» 
initiator and the maleic anhydride to the flask Over a period of time at 140-14VC. No analysis of the 
polymer was reported. 
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U S Pat No 4,083.794 to Lee, et al. teaches the use of copolymers of maleic anhydride with a 
monethylenically unsaturated monomer or mixture of monomer? such as ethylene or propylene as well as 
methyl methacrylate or styrene where the molar ratio of rnaleic anhydride to unsaturated monomer ts from 
2 5'1 to 100:1. preferably from 2.5:1 to 30:1 and more preferably, from 2.5:1 to 7:1. Examples 8 and 9 
employed 2.5 moles of rnaleic anhydride to 1 mole of ethylene and propylene, respectively, but these 
examples were written in the present tense. The copolymers and their production are said to be ^taught in 
British Patent No. 1,414.918 which teaches copolymers of various olefin monomers and rnaleic anhydride in 
the above proportions having a molecular weight of between about 300-1000, but only teaches ethylene and 
propylene as 1-alkenes and provides no working examples other than the same disclosure of Examples 8 
and 9 of the Y94 patent. The British '91 a patent prefers copolymers of acrylic or methacrylic acid and their 
derivatives or styrene as agents to prevent bolter scale formation. 

U S. Pat. No. 3,755,264 to Testa teaches production of copolymers of acrylic acid, styrene or vinyl 
acetate with rnaleic anhydride where the copolymers contain 93 to 85 mol© percent of rnaleic anhydride by 
using a large amount of free-radical initiator (at least 6% by weight) and incrementally adding the monomer 
75 to maleic anhydride at 1 00 0 C to 1 45 - C it does not suggest using 1 -alkenes in this process. 

U.S. Pat. No. 3,284.272 to Rees teaches a method of making )ow molecular weight copolymers of 
maleic anhydride and alpha-cleans, preferably styrene. which are free of homopolymers of the alpha-olefin 
and contain an excess of the olefin. The invention involves using hioher temperatures such as greater than 
140 • C. while feeding, the styrene and rnaleic anhydride into a reactor together dissolved in solvent. 
20 None of the above patents appear to recognize what we have discovered with regard to polymers of 
maleic anhydride and 1-alkenes that contain at least 55 mole percent of maleic anhydride, and prelerably 
greater than about 60 mole percent of maleic anhydride, and their uses. 

The object of the present Invention is to provide free radical addition polymers wherein the maleic 
anhydride unit content of the polymers is art least 55, more preferably from 60 to 65 mole percent on up to 
23 95 mole percent provided that there is an average of at least one unit derived from a 1-alkene per polymer 
chain making up the polymer > and wherein the reacted maleic anhydride is substantially randomly 
distributed throughout the resulting polymer rather than being a mixture of an alternating copolymer of 
maleic anhydride and 1 -alkene which also contains significant amounts of undesirable poJymaleic anhy- 
dride- 

so The polymers of the present invention can be used in the same known applications as addition 
polymers having a substantially equimolar ratio of maleic anhydride and 1-aJkenes such as additives to floor 
polishes and mold release agents. ■ 

One significant advantage of the polymers of the present invention is derived from the presence of 
additional maleic anhydride distributed throughout the polymer that results in a polymer haying more 
35 hydrophilic character than a 50:50 copolymer of malfcic anhydride and the same 1-alkenes. As a result, 
maleic anhydride/1 -alkene copolymers having an excess of maleic anhydride and, for example, a higher 1- 
alkene such as l^ecerte (which is easier to produce) can be substituted for a 50:50 molar ratio polymer of 
maleic anhydride and a lower i^alVene such as 1-hexene (which Is more difficult to produce) in a built liquid 
detergent composition which is stabilized by the presence of a small amount of such a polymer which also 
40 improves the anti-redeposition characteristics of the detergent composition. 

Specifically, the present invention provides for a composition of matter characterised by comprising a 
tree-radical addition polymer containing at least 55 to 95 mole percent of unite derived from maleic 
anhydride and from 5 to 45 mole percent of units derived from at least one 1-alkene having from 4 to 60 
carbon atoms wherein the polymer has an average of at least one unit derived from a Valkene per polymer 
45 chain based on the number average molecular weight of the polymer and wherein the maleic anhydride 
units are substantially randomly distributed throughout the polymer chains making up said polymer. 

In a preferred embodiment, the addition poh/mer contains from 60 to 95 mole percent of units denved 
from maleic anhydride and from 5 to 40 mole percent of units derived from at least one t-alkene having 
from 4 particularly 6 to 13 carbon atoms or from 12 to 60 carbon atoms depending on the desired use. 

In 'an aitemative embodiment the polymer contains at least two different 1-alkenes. preferably a 1- 
alkene having from 4 to 16 carbon atoms and another 1 -alkene having at least 18 carbon atoms. To provide 
more 1-alkene units in the polymer, an upper limit of 80 mole percent is desirable, but this limit depends on 
the chain length of the 1-alkene selected. 

In a yet further alternative embodiment having utility as a surfactant, i.e., surface-active agent, the 
polymers of the present invention have from 1 to 50 mole percent of ttie carboxyl radicals present in the 
maieic anhydride units present esterified with, for example a monohydric aliphatic alcohol having from atout 
6 to 30+ carbon atoms such as 1-decanol or a polyoxyalkylene ether alcohol having from z to zu 
oxyalkylene units such as a 1-dodecanol ether of polyethylene oxide having from 2 to 20 units denved from 
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ethylene oxide. 

Detailed Description of the Preferred Embodiment 

6 The anhydride used in the compositions of the present invention is most preferably pure maJeic 
anhydride. However, other maleic anhydride analogs can be utilized such as methylmaleic anhydride, 
dimethylmaleic anhydride, fluoromaleic anhydride and methylethy I maleic anhydride. Accordingly, as em- 
ployed herein, the term "maleic anhydride" includes such analogs In whole or in part. It is preferred that the 
anhydride be substantially free of acid and thB like before polymerization. 

The 1 -alkenes suitable for use in the compositions of the present invention have from 4 to 60 carbon 
atoms and include the following: 1-butene; 1-pentene; 1-hexene; 1-heptene; 1-octene; 1-nonene; 1-decene; 
vdodecene; 1-tetradecene; 1-hexadecene; 1-heptadecBne; 1 -octadecene; 2-methyH -butane; 3>3-dimethyl- 
1-perttene; 2-methyM-heptene; 4.4-dimethyM-heptene; 3,3-dlmethyl-i-hexene; 4^methyl-i-pentene; 1- 
eicosene; 1-docosene; Helracosene; 1-hexacosene; 1-octacosene; 1-triacontene; l-dofriaconteriG; 1- 
totratriacontene; i-hexatriacontenei 1-octatriacontene; l^tetracontene; i-dotetrecontene; l-tetratetracontene; 
1-hexatetracontene; iHsctatetracontene; 1-pentacontene; 1-hexacontene and mixtures thereof. 

Those skilled in the art will appreciate that the 1-alkenes can be used in the form of pure materials such 
as 1-hexene or 1-octadecene or can be mixtures of various alkenes. This is particularly true for the higher 
alkenes where it is preferred for economic reasons to use mixtures of the higher 1-alkenes (i.e.. those 
20 having more than about 20 carbon atoms per molecule - -C 20+ 1-alkenes"). For example, a mixture of 
Cg 0 * i-alkenes which is described in U.S. Pat. No. 3,553,177 can be used. As noted in that patent, a 
mixture of even chain length i -alkenes is obtained. Another mixture of higher alkenes is a mixture of Cao to 
C*v 1-alkenes which is commercially available from Gulf Oil (Chevron Corp.). The 1-alkenes used should be 
essentially monoolefinic because diolefins cause gel formation and cross-linking. Smalt amounts of diolefins, 
25 typically less than 2 percent by weight, can be tolerated es an impurity in the higher 1-alkene monomer. 

More preferably, the 1-eikenes are those having from 6 to 16 carbons atoms per molecule such as 1- 
haxene, 1-decene, 1-tetradecene and 1-octadecene wherein the polymers formed from such 1-alkenes and 
maleic anhydride are useful as surfactants, hydrotropes and additives to floor polishes. 

More preferably, the 1-alkenes are those having from 12 to 60 carbons atoms per molecule such as 1- 
dodecene, i-tetradecene, 1-octadecene, mixtures of 1-alkenes having from 20 to 24 carbon atoms and 
mixtures of C 90 to Cso i-alkenes wherein the polymers, formed from such 1-alkenes and maleic anhydride 
are useful as surfactants- , .... _ . . 

In another preferred embodiment, at least two different 1-alkenes are used such as a combination of at 
least one 1-alkene selected from lower 1-alkenes having from 4 to 16 carbon atoms and more preferably 
from 4 to 10 carbon atoms and at least one 1-alkene selected from higher alkenes having at least 18 carbon 
atoms and more preferably, 1-octadecene, a mixture of C20 to C2* 1-alkenes or a mixture of Cao* 1-alKenes 
as is taught in U.S. Pat. No. 4,358,573. 

To effect addition polymerization of the maleic anhydride with the 1-alkenes. at least one thermally 
decomposable initiator which provides a source of free radicals is employed which is effective at the 145 *C 
or greater reaction temperatures used in the present preferred method of making the invention. These 
initiators are well known in the art and include peroxides, hydroperoxides' and azo compounds which 
generate free radicals upon being heated to initiate polymerization through the unsaturated radicals present 
in the reaciants. Examples of such initiators are tertiary-butyl perbenzoate, di(tertiary-bulyl) peroxide, 
tertiary-butyl peroxypivalate, tertiary-butyl peroctoate, tertiary-butyl peroxy neodecanoate, tertiary-amyi 
peroxypivalate. benzoyl peroxide, 2.5-dimethyl-2.5^i (ternary -butyl peroxy) hexyne-3, cumene hydroperox- 
ide acetyl hydroperoxide, diacetyl peroxide, diethylperoxy carbonate, lauroyl peroxide, tertiary-butyl 
hydroperoxide, para^bromobenzene diazonium fluoborate, para-toiyi diazoaminobenzene, para-bromoben- 
zene diazonium hydroxide, azo-methane and the pnenyldiazonium halides. 

Specific Initiators are chosen with respect to their half-life at the reaction temperatures to be used, 
reactivity with unsaturated monomers and solubility in the reaction mixture and any solvent to be used in 
the process in a manner known to those of ordinary skill in the art. While the actual amount of such 
initiators used is not critical, a sufficient amount must be employed to result in substantially complete 
conversion of fre monomers to polymer. Generally, from 0.5 to 6 mole percent of initiator based on the > total 
moles of unsaturated reactante present is employed and more preferably, from 1 to 3 mole percent initiator. 
The initiator is generally dissolved in the 1-alkene which is added in the manner described below to the 
reactor during the process of making the polymers although H can also be added to the reartants neat or in 
the form of a solvent solution over a period of time. A presently preferred m.tlator is di(tert.ary-butyl) 
peroxide. 
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Those skilled in the art will appreciate that other free-radical initiators and sources of free radicate may 
be useful in preparing the compositions of the present invention after studying the teachings herein. Thus p 
other well known free radical polymerisation techniques such as ionizing radiation. e,g.. ultraviolet light or 
electron beam sources may be useful in preparing such polymer compositions using catalytic amounts of 

5 well known ultraviolet light sensitizers as photolnitiators such as benzophenone. 

One or more solvents can be used in the preferred process for making the compositions of the present 
invention to promote reaction between the maleic anhydride and the 1-elkenes and to reduce the viscosity 
of the reaction mixture as the polymer is formed. The solvent should be one in which the monomenc 
reactants are soluble, and generally should be inert with respect to the reactante, but should be a liquid and 

70 stable at the pressures and temperatures used to make the polymer, particularly at the relatively high 
reaction temperatures used in the preferred method of making the present invention when that method is 
used Thus, the solvent or solvents employed should not be a solvent having groups that are reactive with 
anhydride radicals such as those containing hydroxyl. carboxyl or aldehyde radicals because such solvents 
would tend to react with any maleic anhydride present. One presently preferred solvent for use in making 

is the compositions of the present invention is "PM acetate" which Is propylene glycol monomethyl ether 
acetate. Examples of other solvents are as follows: aliphatic and alicyclic halogen-containing compounds 
such as dichloromettiane and 1.3-dichioropropane, aromatic esters such as dimethyl phthalate, aromatic 
hydrocarbons such as toluene and the various isomers of xylene, haiogenated aromatic compounds such as 
chlorobenzene. and aliphatic esters and ketones such as butyl acetate and methyl isobutyl ketone. 

20 In carrying out the preferred method of making the compositions of the present invention, it is important 
that the molar ratio of the maleic anhydride to the 1-alkene be such that the maleic anhydride is 
proportionally kept in excess throughout the process of adding it to the 1-alkene in the presence of the 
initiator and that the mixing be accomplished in such a manner that the reaction takes place at from 145 • C. 
to 200 "C, and more preferably, from 160*C. to 180*C. It is these conditions which result in a polymer 

25 product fn which the maleic anhydride is substantially randomly distributed throughout the polymer formed 
rather than resulting in an alternating copolymer of maleic anhydride and 1-alkene which contains a 
substantial amount of the excess maleic anhydride present as polymaleic anhydride chains at the ends of 
the alternating copolymer. 

We have found that this method provides unique polymers of maleic anhydride and 1-alkenes wtitcn 
so differ from those in the prior art in that the excess maleic anhydride polymers of our invention have units 
derived from maleic anhydride substantially randomly distributed throughout the polymer chains which 
make up the total polymer. Small chains of a few units derived from maleic anhydride are interspersed 
throughout the polymer chains between unite derived from 1-alkenes. This results in polymers which have 
different water solubility characteristics than simply alternating copolymers due to the number of such 
sq hydrophilic maleic anhydride units present and their placement throughout the polymer. This difference in 
water solubility affects the physical properties of the polymers obtained. Thus, the claimed polymers have 
minimal amounts of maleic anhydride In the form of polymaleic anhydride. 

Generally, it is expected that about 10 mole percent or less of the maleic anhydride content of the 
polymer of the present invention is composed of such polymaleic anhydride chains, and more preferably 
AO less than 5 mole percent. This is further evidence of the random distribution of the 1-alkene unite 
throughout the polymer. When the preferred method of the present invention is used under manufacturing 
conditions where pressurized reactors are used to prevent loss of reactant and obtain higher reachon 
temperatures, the conversion to polymer is generally close to quantitative. If is believed that polymers made 
by this method generally do not contain significant amounts of polymaleic anhydride at the ends of the 
45 polymer chains where less than about 80 mole percent of maleic anhydride is employed since there are 
enough 1-alkene unite to be randomly dispersed throughout the polymer chains. 

The preferred method of making the compositions of the present invention is described in a copending 
EP-A-0 306 991 entitled "1-Alkene/Excess Maleic Anhydride Polymer Process" published March 15, 1 989 
in the names of T. P. Bosanec. K. ft. Lukow and C. J. Verbrugge which is assigned to the same assignee 
so as Is the present invention. . 
Another related application which teaches a continuous process for making copolymers of maleic 
anhydride and 1-alkenes is EP-A-0 303 057 entitled "Continuous Process and System tor ^^.ng 
Polymers Comprising Maleic Anhydride and Certain Alpha^Olefins" which was published February 15.1989 
in the names of Franck E, Benhamou. Kenneth R, Lukow and Calvin J. Verbrugge and is assigned to the 
55 same assignee as is the present invention. 

The compositions comprising the polymers of the present Invention can be made in several ways. One 
first determines the molar ratio of mateic anhydride to 1-alkene desired in the polymer to be made. It is 
assumed that the final polymer will generally have a molar ratio of units derived from maleic anhydr.de to 1- 
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alkeno which is close to the starting molar ratio it loss of reactants during processing « ^rolled. Having 
selected a storting formulation, one procedure, taught in the Bosanec, Lukow and Verbrugge patent 
application, is where the maJeic anhydride is charged to a heated supply tank and Is heated to its meltmg 
point or slightly above to provide a fluid mixture which can be introduced to a heated reactor vessel which 
has been blanketed with inert gas to exclude oxygen. The 1-altene or mixture of several selected .* 
charged to a separate supply tank and the initiator is added to the 1-alkene to accomplish even introduction 
of the initiator during the reaction. 

Alternatively, the Initiator can be metered into the reactor vessel from a separate supply tank, neat or 
diluted in a solvent which does not react with the other reactants. As noted above, the initiator is selected m 
accordance with woll known techniques so that it has sufficient activity at the reaction temperature to be 
used to accomplish essentially complete polymerization of the reactonte. Preferably, from 1 to 3 mole 
percent of one or a combination of initiators based on the moles of unsaturated reactants present is used 
with higher amounts resulting in more complete conversion to polymer. 

If a solvent is used, the maloic anhydride can also be dissolved in the solvent and metered »nto the 
heated reactor vessel. The 1-alkene could also be combined with a solvent. 

As noted above, the maleic anhydride and 1-alkene are proportionally metered into the heated reactor 
vessel containing a portion of the solvent in such a manner as to maintain an excess molar ratio of maleic 
anhydride relative to the 1-alkene. In place of a solvent in the heated reactor vessel, a precharge (as 
described below) could be present or a preformed polymer of maleic anhydride/1 -alkene from a previous 
reaction could be present to provide a heated medium in which the reaction can take place. Metering is 
done at a rate which is substantially equal to the rate of reaction of the reactants to insure that units of 
maleic anhydride are substantially randomly dispersed throughout the polymer obtained. In manufacturing 
polymers with greater than about aO mole percent of maleic anhydride, it is desirable to match the mole 
ratio of maleic anhydride charged to total 1-alkene so that there Is at least one unit of i^aikene per polymer 
23 chain based on the number average molecular weight of the polymer product 

To estimate the average number of 1-alkene units present in the polymers of the present invention, one 
uses the number average molecular weight as the basis for determining the relative amounts of units 
derived from maleic anhydride to those desired from 1-aikenes. This is important in predicting the type of 
properties to be expected from the polymers themselves since longer carbon chain 1-alkenes such as 1- 
30 octadecene will provide the polymer with more hydrophobic character than will shorter carbon chain 1- 
alkenes such as Vbutene or l^hexene. it is desirable to have the units derived from maleic anhydride 
dispersed throughout the polymer as much as possible. This permits the i^lkenes to exert their 
hydrophobic or oleophilic effect to the physical properties of the polymer in comparison to the unite from 
maleic anhydride which provide the polymer with hydrophilic character and water solubility when hydrolyz- 
35 ed into the add or alkali metal or ammonium salt forms. 

To provide a suitable amount of oleophilic character. It is more desirable to have more units of the 
shorter carbon atom chain 1-alkenes present per potymer molecule than ar® needed for the longer carbon 
chain l-alkenes. Thus, it is preferred that, for polymers containing 1-alkenes having less than 10 carbon 
atoms the polymer contain from 65 to 80 mole percent of units derived from maleic anhydride and the 
40 balance units derived from such 1-alkenes. This is done to provide a sufficient number of valkene unite to 
provide a level of oleophilic character sufficient to provide desirable properties to the polymers, especially 
when the intended use for the polymers is as surfactants or as hydrotrope agents in liQUid detergent 
compositions. Likewise, it is preferred that, for polymers containing 1-alkenes having from 10 to 18 carbon 
atoms the polymer contain from 65 to 90 mole percent of units derived from maleic anhydride and the 
45 balance unite derived from such valkenes. For polymers containing 1-alkenes having greater than 18 
carbon atoms, it is preferred that the polymer contain at least 65 mole percent of units derived from maleic 

anhy ^noted above, it is important that the mole ratio of maleic anhydride and 1-alkene charged initially be 
such that there is an average of at least one unit derived from the 1-alkene per polymer chain based on the 

50 number average molecular weight of the polymer obtained. Thus, if the number average molecular weight of 
the polymer product is, for example. 2.000. and the 1-alkene to be used is 1-decene (molecular weight 
140) then about 19 units of maleic anhydride (molecular weight 98) could be present to provide an average 
of one 1-alkene unit per polymer chain or molecule or a 05:5 molar ratio ^^. l ^^ 1fl m £ 
anhydride to units derived from l^iecene. More preferably, at least two units of 1-alkene per 18 units 

55 derived from maleic anhydride would be present to provide a molar ratio of 90:1 0 maleic anhydride to J- 
decene units. The molar ratios charged initially will generally correspond to the molar ratios observed m the 
polymer obtained if the preferred method described is followed. 
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The reaction pressure can be atmospheric, bui superatmospheric pressures are preferred with the exact 
pressure being dependant upon the vapor pressure of the reactants and solvent in view of the temperatures 
knd type of initiators used and can be determined by techniques known to those of ordmary sk.l 

The maleic anhydride and 1-alkene or mixture thereof are reacted at a temperature of at least 145 C 
5 up to about 200-C with 160'C to 1SO-C being more preferred. These conditions appear to force the 
production of polymers containing a more random distribution of the molar excess of male.c anhydride 
throughout the polymer chains. This Is in contrast to producing a mixture of essentially aftemrtng 
copolymer of maleic anhydride and 1-alkene and the excess maleic anhydride in £^«*P*™*P 
anhydride. The reactants and initiator can be metered into a heated reactor vessel filled with solvent such 
io as PM acetate or a mixture of solvents. 

A more preferred embodiment will now be described which further promdes a means by wnicn 
sotventless production of polymers can be accomplished. A precharge of a minor portion, preferably about 
10% of the total amount of maleic anhydride and 1-alkene having the preselected molar ratio of maleic 
anhydride to 1-alkene is chaiged to the reactor vessel and heated to the reaction temperature selected 
under a blanket or a pressurizing amount of inert gas such as nitrogen. The remaining male*: anhydride 
and 1-alkene is charged to supply tanks along with the Initiator as described above. A solvent can optionally 
be included in the precharge or distributed between the precharge and the reactants to be combined from 

the supply tanks. ^ hvo)w-a mixin g ^ ma | &io anhydride together with the 1-alkene or mixture thereof 
into me reactor vessel at a rate which is substantially equal to the reaction rate of the reactants. but at such 
a rate that the temperature in the reaction vessel remains controllable since the reaction is c^othermic- 
Generally the metering of the reactants is accomplished over a period of about l to 3 hours and thereafter 
the reaction mixture formed is maintained at the preselected reaction temperature for about 30 minutes to 1 
hour to insure complete conversion of monomeric reactant to polymer. _ 

The polymer obtained can be used in solution form if a solvent was present or can be stripped of any 
solvent and free monomer by vacuum drying or by heating in an oven to obtain a dry polymeric product 
which can range from a waxy material to a brittle resinous product. The dry product can be redissolved I In 
an organic solvent or added to an alkaline aqueous solution containing ammonium hydrox.de or other alka. 
to hydrolyze the anhydride radicals present and form an aqueous resin cut according to procedures well 
so known to those skilled In the art. . 

The polymeric product Hself can be used for the same purposes as are other maleic anhydnde/i-aikene 
coDolvmsTs such as additives to floor polishes, mold release agents and the lite. Another advantage of the 
excess maleic anhydride/l-alkene polymer made in accordance with the present invention is that the 
polymers have greater solubility in water than typically 1:1 molar ratio alternating copolymers of maleic 
36 anhydride and i-alkenes. . . . .. l.„ 

This difference in water solubility due to the presence of additional unite of maleic anhydride can be 
advantageously used to permit a fornicator to substitute a maleic anhydride P 0 '^ * 
invention having a higher carbon atom 1-alkene such as 1-decene in place of a maleic anhydnde polymer 
having a lower carbon atom 1-elkene euch as 1-hexane white still obtaining comparable properties such as 
anti-redeposhion and hydrotrope characteristics in built liquid detergent compositions. For example, the 
oolvmer compositions of the present invention can be used as water soluble polymeric anionic hydrotrope 
anti-redeposition agejite in the built liquid determent cempoistions claimed in copending U.S. Patent 
Application Serial No. 06/839,680 filed on March 14. 1986. in the names of K. K. Knstopert and C J. 
Varbraaoe which is assigned to the same assignee as the present invention. 

The ability to make such a substitution is a significant economic and manufacturing advantage because 
ft is known that lower carbon atom 1-alkenes such as 1-butene and 1-hexene possess very _good laj. 
reposition and other characteristics, but are difficult and time-consuming to make because the viscosity 
of the reaction products tend to be very high relative to the viscosity of the react™ products of male-c 
anhydride polymere made using higher 1-allrenes such as l-decene or 1-octadecene 

An additional advantage of the present invention with respect to its use In hydrotropes and anto- 
redeoosWon agents is tha, as described earlier, the hydrophilic and hydrophobe character of mateic 
Srid^Ce polymers can now be varied in a broader fashion as a result of our discovery. Therefore 
Z7c™Z» choose^cm a wider variety of maleic anhydride/1-alkene polymers in selecting hydrotropes of 
anti-redeposifion agents as a result of this invention. al ™u ftte te 

tt is known in the art to esterify maleic anhydride/l-alkene polymers with monohydnc alcohols * ™*JV 
the proves of the polymers lor use as pour point depressants, additives to floor P^es and the like. 
E*aE of patents teaching such esters can be found In U. S. Patent Nos. 3£51,S62 (Geo. a^ 
TSSSXi *••). 4151,069 (Rossi), 4.151536 (Sackmann. et a..). 4.192.930 (Beck, et al.) and 
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4.240.91 S (Rossi) and teach the production of such esters. It will be readily apparent to thos* . fldltac I in the 
artthat such teachings can then be applied to produce esters of the polymer compositions of the present 

"""STtnt** anhydride radicate present in the polymers of the present invention can be «ft 
6 hydroxyi-functional compounds having no more than two hydroxyl radicals per molecule in* most 
preferably, one hydroxyl radical per molecule wherein the hydroxyl-functicnal compound is free i of j*he 
S -which are reactive with anhydride or carboxyl radicate. Examples of such hydKwl-1ur.ct.onei 
compounds are monohydric aliphatic and aromatic alcohols having from 1 to 30 carbon stomsper moteeute 
such as methanol, ethanol, n-butanoi. isobutanol, 3-methyfpentanol, cyclohexanol, 2-ethylhe^ol 
to isctrideeanol octadecanol, eicosanol. hexacoeanol. melissyl alcohol and phenethyl alcohol. Exa^P les .°< 
substituted aliphatic and aromatic alcohols are compounds commonly used as surface-active agents which 
contain at least one end no more than two hydroxyl radicals and are free of any other ratals which ar» 
reactive with anhydride or carboxyl radicals. Examples of such compounds are mono U to Ca* alky!, 
aralkvl aromatic ethers of polyethylene glycol having an average of from about 2 to 100 ethyleneoxy units 
f« per molecule and having one hydroxyl radical per molecule, such as polyethylene glycol oocoate having 
from about 5 to 15 ethyleneoxy units per molecule and ethoxylated alkyl Phenols jiuch as the 
polvethyleneoxy etoer of nonyl phenol containing from about 2 to 100 ethyleneoxy unite, sorbrtan trioleate 
and the like. Such hydroxylated compounds are used as surfactants and are commercially availabte as can 
be seen from an examination of the 1987 edition of NleCutcheon's Emulsifiers and Detergents, North 
20 American Edition. McCutcheon Division. MC Publishing Co., Glen Rock, NJ 07452. 

Still other compounds which may be useful are well known polyalkylsiloxanes and polyalkytarytoteeanea 
such as polydimethylsiloxanes having no more than two = CHOH units per molecule and preferably one 
such =CHOH unit per molecule where the hydroxyl radical is bonded to a carbon atom which is then 
bonded to the silicon atoms by means of carbon-silicon bonds wherein the polydiroethylsiloxane may 
alternatively contain polyoxyalkylene units such as polyethyleneoxy units which can be further combined 
with polypropyleneoxy units. Such silicone materials are described in ihe patent literature and some such 
materials are commercially available from Dow Corning Corporation of Midland. M.ch<gan and Un.on 
Carbide Corporation of Danbury. Connecticut „ R nH 

Fluoroalcohols having from 1 to about 10 carbon atoms and more such as CF»OH, CjFsQH, 
CF S CH 2 0H. CF„CH(OH)CF 9 , CFM^CHafeOH, CFtUCH* OH, (C 9 F 7 )*CHOH, (CrV)»COH and C*F S CH- 
(OHlCHa may ba useful Fluoroalcohols are known materials. 

Examples of hydroxyl-fu notional compounds having two hydroxyl units per molecule are polyethylene 
olycols having from 2 to 20 ethyleneoxy units per molecule and polyethyleneoxy ethers of glyceryl cocoate. 
glyceryl laurate or glyceryl oleate having from about 5 to about 30 polyemyleneoxy unite per nwW*gj_. 

Preferred are hydroxy-functional compounds containing one hydroxyl radical per moteculo eBlocted 
from C« to Cat, alkane alcohols, or Ck to Cap alkyl monoethere of polyethylene oxide having from about 2 to 
20 units derived from ethylene oxide. c „,.-„. .... 

The end use for the polymer dictates the degree to which the anhydride radicals are esterified since 
some carboxyl onrts are necessary to provide ionic character and water solubility char^^ to *e 
polymers. Generally, from 1 to 50 mole percent of the carboxyl radicals present can be e "" rfl *^ he « , a ™ 
L carboxyl units per anhydride radical). For surfactant applications, it is preferable to have from 1 to 20 
nXplSnt of the carboxyl radicals presant esterified with such alcohols. K hydmxyl4unct.onal com- 
pounds containing two hydroxy! units are present, only minor amounts such as no more than 10 mole 
percent of the total hydroxyl-functional compound and preferably none should be used since toese tend to 
46 SctTs cAsSinWng agents^ is taught in U. 8. Patent No. 3.962,195 to Moczygemba, et al. and w«ll change 
the character of the polymers obtained. . 

By proper selection of hydroxyMunctiorral compounds, one can further alter the hydroph.hcdy and 
oleophilichy of the esterified polymers to provide polymers which have preselected surfac^actlve properties 
useful for a specific application such as hydrotropes for built liquid detergent compositions, 
so The alcohols can be added direcOy to the polymer at room temperature if the polymer ^M>« 
to the molten polymer if the polymer is molten at or below 100'C. Other techniques are described ,n the 

oatents noted above that refer to esterificatlon of such polymers. 

The tern W as used herein means the molecular weight measure tor polymers also ^mebmes 
referleo £ » th7»sedininta«on average molecular weight", as defined in U- S. Patent No. 4,529,787 to 
S5 £££ I. feigned to the same assignee as me present invemten) teaches the meaning and utility of 

^ The7oToS e 2ampte S are offered to illustrate the invention and facilitate its understanding without 
Hmris | me oHpirit of the invention, uniess otherwise indicated, all parte and percentages reported 
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are by weight. 
Examples 1-5 



a Examples 1-3 illustrate me laboratory scale production of polymers containing a raSo^ 
maleic anhydride to 1-alkene by the method of the presant invention and Examples 4-5 show the productron 

" ^Se^mpoSoS^sedTn Example 1 was 140 grams <g.) (1 mole) 1-deoene. 196 fl. (2 moles) maleic 
anhydride 224 g. propylene glycol monomethyl ether acetate (hereinafter "PM acetate"). 4 386 g (1 mole 
,o CSSary-butyi) peroxide initiator (hereinafter "DTBP"), and 1.94 g. (0.33 mole %) terbary-butyl 
perben2qate initiator (hereinafter TBPB"). 

-me composition used in Example 2 was 196 g. (1 mole) netradecene, 196 g. (2 moles) maleic 
anhydride, 261.3 g. PM acetate, 4.386 g. DTBP, and 1.94 g. TBPB. 

The composition used In Example 3 was 252 g. (1 mole) 1-octadecene. 196 g. (2 moles) male.c 
ts anhydride, 298-7 g. PM acetate, 4.386 g. DTBP. and 1 .94 g. TBPB. 

The cWnposrtian used in Example 4 was 196 g. (1 mole) 1-tetradecene, 147 g. (1.5 moles) maleic 
anhydride, 229 g. PM acetate, 3.655 g. DTBP, and 1.94 g. TBPB. 

The composition used in Example 5 was 252 g. (i mole) l^octadecene, 147 g. (1.5 moles) male lC 



20 



25 



anhydride, 266 g. PM acetate, 3.635 g. DTBP, and 1 .94 g. TBPB. 

The procedure used to prepare each polymer was to charge all of the PM acetate into a 1O0O ml., 4- 
necked round bottom flask equipped with a stirrer, nitrogen sparge tube, thermometer, reflux condenser 
and two addition funnels. The maleic anhydride was charged into one dropping funnel and was heated with 
a heating tape to melt the maleic anhydride. The 1-alkene was poured into the other addition lunne I along 
with both initiators. The stirrer wee started and the so^ent in the flask was heated to 160 ■ C. wrth nitrogen 
sparging to exclude air from the flask. The contents of the addition funnels were added to the sbmng 
aolverrt dropwise over a period of one hour. The temperature of the reaction mature was between 148 C 
and 154-c:at the end of the addition. The contents of the flask waa held at between 148-C to 158 C. for 
an additional period of 90 minutes at which time a colorless to yellowish transparent solution was observed 
in the flask. The contents of the flask was then poured out into a flat, open aluminum tray and placed in a 
70 -C. forced air draft oven overnight to obtain a dry polymer product. 

Since these reactions were run in laboratory glassware that could not be pressunzed, the reaot.on was 
limited to the reflux temperature of the solvent. Therefore, two initiators were used to prov.de a sufficient 
free fadic&l flux to produce the polymers. 

The molecular weights of the resulting polymers were determined using a gel permeation chromatog- 
raphy method with polystyrene standards, an elemental analysis of the polymers of f Bcampte 1-3 was 
Srmed and the r^uWare reported in Table .. Based on the elemental an^ysis of ' J? 

ratio of unite derived from maleic anhydride to those derived from the 1-aJkene used waa calculated and the 
results are also reported in Table I. 
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Example No. 


1 


2 


3 


4 


5 




2240 | 


1540 


2620 


2720 


2560 


Mw 2 




2660 


4130 


4650 


3980 


Mz 3 _ 


5690 




5650 


6980 


5430 


Mw/Mn 


1.72 


1.73 


1,58 


1.71 


1-54 


Mz/Mn 


2.54 


2.55 


2-16 


2.57 


2.10 


% Carbon 


58.51 


64.59 


67.43 






% Hydrogen 


8.02 


&40 


9.64 






% Oxygon 
% MAH 4 


32.51 


26.60 


22.37 






| 75.9 


71.0 


| 69.0 






% 1-alkene^ 


24.1 


29.0 


| 31-0 






rneans not determined. 



1. Number average molecular weight. 

2. Weight average molecular weight. 

3. Sedimentation average molecular weight 

4. Mole percent maieic anhydride units in polymer calculated from elemental 
analysis. 

5. Mole percent 1-alkene unite in polymer calculated from elemental analysis. 



The theoretical amount of maloic anhydride expected assuming complete conversion to polymer m 
Examples 1-3 was 2 moles maieic anhydride units per mole of 1-alkene units or 86.67 mole percent For 
Example 1. the theoretical amount of oxygen expected (assuming complete conversion and noises of 
reaciants) was 28.8% based on the initial moles of maleio anhydride charged. The analysis showed 32.51 /. 
oxygen corresponding to 114% over theoretical; taking the analysis of an three elements irtoconaderat.cn 
corSSs to 75.9% maieic anhydride versus 66.67% theoretical. For Example 2. tte *eor*bcal 
SygtTSLt expected was 245%, and the analysis showed 26.60% corresponding to 109% over 
SSEertVn AM I maieic anhydride unit content For Example 3, the theoretical oxygen content expected 
was 21 4% and the analysis showed 22.37% corresponding to 104% over theoretical , or 69 0% male.c 
anhydride unit content. The analyses showed that as less volatile, higher carbon content 
used the results came closer to the theoretical amount expected. The above results show hat for the 
Moratory batches prepared, the actual amount of maieic anhydride units obtained from the analys.s was in 
^ o?m7rno.ar raSoe charged, possibly due to a loss of some of the 1-a.kene during processing , which 
wTdone at afrnospheric pressure using a reflux condenaer. Thus, the process of fte P^«^» 
Site in polymers which have substantially more male* tELSE 
been previously described and demonstrated by way of experimental examples containing analyses in the 

□rior art known to the Applicants. . m „ 

The theoretical amount of maleio anhydride expected assuming complete convers.cn to polymer in 
Examples 4-5 was 1.5 moles per mole of 1-alkene or 60 mole percent. 



^ Examples 6-7 

These Examples illustrate the pilot plant scale production of polymers containing a 1.5:1 molar wBo of 
mal^c ^hydride to 1-alkene by the method of the present Invention which further .lluetrates fta use ot a 
orecharS oVmaleic anhydride and 1-alkene. Example 7 used a higher level of initiator than <M B«mpto * 
P CcompoStlon us* in Example 6 was 33.7 pounds of 1-decene (NEODEME 10 ^f 0 " 0 ^ 
60 rv, moa mrt ci09 24 moles) 35.4 pounds (163.86 moles) maieic anhydride, 0.88 pounds (399 g. -- 1 mole A 
STeSii ? amount ofiS moles of maieic anhydride and 1-decene present) DTBP initiator, and 30.0 

^T^XT a 100 pound capacity, steam-heated reactor equipped with a stirrer, mflux condenser, 
two L^S ii fa mJogen J tube was charged with a precharge ^^rlJlT^ 
33 decene. 3-5 pounds of maieic anhydride and 29 pounds of PM acetate. The reactor was PW**) 
Sen gi to remove oxygen and blanketed and pressurized with nitrogen gas to 10 
nixrogen io re. ™ remainder of toe 1-alkene was charged to one of the feed tanks 

*- -"Vdride was charged to the other feed tank which 
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was heat jacketed and the heat was turned on to melt the maleic anhydride. Tiie contents off the reactor 
were heated to 320 * F. (160*C). At 320 *F.. the contents of each feed tank were simultaneously fed into the 
stirring contents of the reactor over a two hour period. The reaction mixture in the reactor was allowed to 
exotherm to 340* fv (171.1 *C.) and held at that temperature during the 2 hour addition of the reactants. 

5 During the processing, the pressure in the reactor rose to about 40 psig (2* itf Pag). After the addition 
was completed, the n*1kene/initiator feed line was flushed with i pound oi PM acetate and the reaction 
mixture in the reactor was held at about 340 -F. tor an additional one half hour. The resulting polymer 
solution at 67.47% nonvolatile solids content was clear and yellow in color. The solution was analyzed for 
free monomer content and it contained 3,83% unreacted 1-decene and 0.19% maleic anhydnde indicating 

70 that substantially all of the reactants were converted to polymer. The polymer was dried by pumping the 
product through an oil heated thin film evaporator at reduced pressure and elevated temperature. The dry 
polymer obtained was observed to be a clear, yellow, brittle resin which powdered easily. Sixty mole 
percent of units of maieic anhydride based on the initial amount of monomers charged was expected to be 
found in the polymer product 

w The composition used in Example 7 was -33.3 pounds of lOecene (NEODENE 10 from Shell Chemical 
Company) (107.88 moles), 35.0 pounds (16133 moles), maleic anhydride, 1.739 pounds {780 g. - 2 mole A 
based on the amount of total moles of maMc anhydride and 1-decene present) DTBP initiator, and 30.0 

pounds PM acetate. t . 

The same procedure was followed as described for Example 6 with the exceptions that 30 pounds of 
PM acetate was charged to the reactor and that 1 pound of 1-decene was held back and used to flush the 
initiator feed line (instead of PM acetate) after the 2 hour addition was completed, "Hie resulting polymer 
solution had a nonvolatile solids content of 69 86%. The solution was analyzed for free monomer content 
and the results were that there was 0.9% 1-decene and no measurable free maleic anhydnde content 
indicating that the reaction was substantially complete. The amount of units derived from maleic anhydnde 
expected was 60 mole percent based on the initial amount of monomers charged. Thus, by increasing the 
initiator level, substantially complete conversion of the reactants to polymer was observed. 

It has also been found to be helpful to flush the maleio anhydnde lines with solvent to insure complete 
reaction of the monomer charged. 

so Claims 

1 A free-radical addition polymer characterized by containing from 55 to 95 mole percent of units derived 
from maleic anhydride and from 5 to 45 mole percent of units derived from at least one 1-alkene having 
from 4 to 60 carbon atoms wherein the polymer has an average of at least one unit derived from a 1- 
alkene per polymer chain based on the number average molecular weight of the polymer and whenem 
trie maleic anhydride units are substantially randomly distributed throughout tte polymer chains making 
up said polymer. 

2. The addition polymer of claim 1 characterized in that each 1-alkene is selected from the group 
consisting of 1-alkenes having from 4 to 18 carbon atoms, more preferably from 12 to 60 carbon atoms. 

3 THe addition polymer of claim 1 characterized in that units derived from at least two different 1-alkenes 
are present in the polymer, and preferably one of said alkenes is selected from the oroup consisting of 
1-alkenes having from 4 to 16 carbon atoms and another of said two alkenes is selected from the group 
consisting of 1-alkenes containing at least 1B carbon atoms. 
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The addition polymer of claim 2 or 3 characterized in that each 1-alkene Is selected from the group 
consisting of t-hexene, 1-decene, 1-tetradecene and voctadecene. 

The addition polymer of claim 1 characterized in ttiat the polymer contains from 60 to 80 mole percent 
and preferably at least 65 mole percent, of units derived from maleic anhydride and the gander of 
the units are derived from the 1-alkenes. preferably selected from the group consisting of 1-alkenes 
having greater than 18 carbon atoms. 

ss 6 The addition polymer of claim 1 or 2 characterized in that the polymer contains from 65 to 90 mole 
' percent of units derived from maleic anhydride and the remainder of the units are denved from 1- 
aikenes selected from the group consisting of Valkenes having from 10 to 18 carbon atoms. 
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7 The addition polymer of claim 6 characterized in that the polymer contains from 65 to SO mole percent 
of unite derived from maleic anhydride and the remainder of the units are derived from 1-aIkenes 
selected from the group consisting of l^slkenes having less than 10 carbon atoms. 

5 a. The addition polymer of any of claims 1-7 characterised in that from 1 to 50 mole percent of the 

carboxyl radicals of said maleic anhydride units are esterified with at least one hydroxyl-functional 
compound having no more than two hydroxyl radicals per molecule, and preferably no more than one 
hydroxyl radical per molecule, and wherein such compound is free of any radicals other than hydroxyl 
radicals which are reactive with carboxyl or anhydride radicals present in the polymer and no more than 
70 10 mole percent of the total hydroxyl-functional compounds present contain two hydroxyl radicals. 

9. The addition polymer of claim 8 characterized In that the hydroxyl-functional compounds are selected 
from the group consisting of <k to Ceo alkene alcohols and Cs to Ceo alkyl monoethers- of polyethylene 
oxide having from 2 to 20 units derived from ethylene oxide. 

,S 10. The addition polymer of claim 8 characterized in that the polymer contains no more than 10 mole 
percent, and preferably no more than 5 mole percent, based on the total amount of maleic anhydride 
present, of poly-maleic anhydride chains which are free of units derived from the 1 -alkene. 

20 Fatentanspriiehe 

1. Radikalisches Additionspolymer, dadurch gekennzeichnet. dafl es 55 bis 95 Molprozent von Maleinsau- 
reanhydrid abgeieitete Einheiten und 5 bis 45 Molprozent von mindestens einem 1 -Aiken mit 4 bis 60 
Kohlenstoffatomen abgelerteten Einheiten enthait bei weichem das Polymer durchschnittlich minde- 
stens eine von 1 -Aiken pro Polymerkette abgeieitete Einheit aufwelst bezogen auf die zahlengemrttelte 
relative MolekUlmasse des Polymers, und bei weichem die MaleinsSureanhydrfd-Einherten im wesentli- 
chen in den gesamten, das Polymer aufbauenden Polymerketten statlstech verteilt sind. 

2. Additionspolymer nach Anspruch i, dadurch gekennzeichnet, dafl jedes 1 -Aiken ausgewShlt wird aus 
der Gruppe. bestehend aus 1-Alkenen mit 4 bis 18 Kohlenstoffatomen, mehr bevorzugt 12 bis 16 
Kohlenstoffatomen. 

3. Additionspolymer nach Anspruch 1 , dadurch gekennzeichnet, daB in dem Polymer von mindestens zwei 
verschiedenen 1-Alkenen abgeieitete Einheiten voriiegen und vorzugsweise elnes der Alkene ausge- 

6 w5hlt wird aus der Gruppe, bestehend aus 1-Alkenen mit 4 bis 16 Kohlenstoffatomen und das andere 
der zwei Alkene ausgew5hrt wird aus der Gruppe, bestehend aus 1-Alkenen mit mindestens 18 
Kohlenstoffatomen. 

4. Additionspolymer nach Anspruch 2 Oder 3, dadurch gekennzeichnet daB jedes 1-Alken ausgewShit wird 
40 aus der Gruppe, bestehend aus 1-Hexen r 1-Decen. 1-Tetradecen und i-Octadecen. 

5. Additionspolymer nach Anspruch 1. dadurch gekennzeichnet, daB das Polymer 60 bis 80 Molprozent 
und vorzugsweise mindestens 65 Molprozent von MaleinsSureanhydrid abgeieitete Einheiten enthait 
und der Rest der Einheiten von den 1-Alkenen abgeleitet 1st, vorzugsweise ausgewahlt aus der Gruppe. 

48 bestehend aus 1-Alkenen mrt mehr als 18 Kohlenstoffatomen. 

6. Additionspolymer nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB das Polymer 65 bis 90 
Molprozent von Melainsaureanhydrid abgeieitete Einheiten enthait und der Rest der Einheiten von den 
vAlkenen abgeleitet ist, ausgewahlt aus der Gruppe. bestehend aus 1-Alkenen mit 10 bis 18 

so Kohlenstoffatomen. 

7. Additionspolymer nach Anspruch G, dadurch gekennzeichnet. daB das Polymer 65 bis 80 Molprozent 
von MaleinsSureanhydrid abgeieitete Einheiten enthait und der Rest der Bnn ^ n ^ 0 " 1 -^^ 
abgeleitet ist, ausgewahlt aus der Gruppe, bestehend aus 1-Alkenen mit weniger als 10 Kohlenstorfato- 

65 men. 

* Additionspolymer nach einem der Anspruche 1 bis 7, dadurch gekennzeichnet daB 1 bis 50 Molpro- 
zent der Carboxylradikale der Maleinsaureanhydrid-Einheiten mit mindestens elner Hydroxyl-funktiona- 
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len Verbindung verestert sind, die nicht mehr ate swei Hydroxylradikale pro MotekUl aufweist und 
vorzugsweise nicht mehr als ein Hydroxylradikal pro MolekQl, und wobei eine solche Verblndung frei ist 
von irgendwelchen anderen Radikalen als Hydroxylradikalen, die mh in dem Polymer vorliegenden 
Carboxyl- Oder Anhydridradikalen reaktionsfahig sind, und wObei nicht mehr als 10 Molprozent der 
gesamten vorliegsnden Hydroxyl-funktionalen Verbindungen zwei Hydroxylradikal© ©nthaiten. 

9. Additionspolymer nach Anspruch 8, dadurch gskennzeichnet, dafl die Hydroxyl-funktionalen Verbindun- 
gen ausgewShlt werden aus der Gruppe. bestehend aus C»- bis CBp-Alkenalkoholen und C 5 - bis Cso- 
Alkylmonoethem von Polyethylenoxid mit 2 bis 20 von Ethylenoxid abgeieiteten Einheiten. 

10. Additionspoiymer nach Anspruch 8, dadurch gekennzeichnet, daB das Polymer, bezogen auf die 
Gesamtmeng© des vorliegenden Malelnsaureanhydrids, nicht mehr als 10 Moiprozent und vorzugswei- 
se nicht mehr als 5 Molprozent Polymaleins2ureanhydrid-Ketten enthalt, die frei sind von Einheiten. die 
von dem 1-AIken abgeleitet sind. 

Revindications 



1. Polymere d'addition radicalaire caracteYise" en ce qu'il contient de 55 a 05 pourcent en moles de motifs 
derives de I'anhydride mateique et de 5 a 45 pourcent en moles de motifs derives d'au moins un 1- 

20 alcene ayant do 4 a 60 atomes de carbon©, dans lequel le polymere a une moyenn© d'au moins un 
motif derive" d'un 1-aJoene par chaTne polymere par rapport a ia masse moleculaire moyenne en 
nombre du polymere et dans leque) les motif© anhydride mal&que sont distribues de facon essentjellie' 
ment aleatoire la Jong das chalhes polymeres constituant ledit polymere. 

2. Polymere d'addition selon la revendication 1, caracteVlse en ce que chaque 1 -alcene est choisi dans le 
groupe forme* par Ids 1-aJcenes ayant de 4 & 18 atomes de carbone, de pr^rence encore de 12 a 60 
atomes do carbone. 

3. Polymere d'addition selon la revendication i, caractSrise" en ce que les motifs derives d*au moins deux 
so 1-alcenes diffeVents sont presents dans Is polymere, et do preference un desdits aJcenes est choisi 

dans le groupe forme* par les 1-aloenes ayant de 4 a 16 atomes de carbone et l'autre, desdits deux 
alcenes est choisi dans (e groupe forme" par les 1-alcenes oontenant au moins 1B atomes de carbone. 

4. Polymere d'addition selon la revendication 2 ou 3, caracteYise* en ce que cheque 1-alcene, est choisi 
as dans te groupe forme" par le 1 -hexen©, le 1 -decene, le 1 -t^trad6cene et le 1 -octadecene. 

5. Polymere d'addition selon la revendication 1, carecterise* on oe que I© polymere contient de 60 & 90 
pourcent en moles, et de presence au moins 65 pourcent en moles* de motifs d6rive~s de I'anhydride 
male'ique et le reste des motifs est derive" des 1-alcenes, de preference choisi dans le groupe form£ 

40 par les 1-alcenes ayant plus de 19 atomes de carbone. 

6. Polymere d'addition selon la revendication 1 ou 2, caracterise* en ce que le polymere contient de 65 a 
90 pourcent en moles de motifs d6rives do I'anhydride m&teique et le reste des motifs est deYive" des 
1-alcenes choisi dans le groupe forme" par les 1-alcenes ayant de 10 a 16 atomes de carbone. 

46 

7. Polymere d'addition selon la revendication 6, caracterise en ce que le polymere contient de 65 a 80 
pourcent en moles de motifs arrives de I'anhydnde masque et le reste des motifs est derive" des 1- 
alcenes choisi dans le groupe form£ par les 1-alcenes ayant moins de 10 atomes de carbone. 

50 a Polymere d'addition colon Tune quelconque des revindications 1 a 7, caractSrise* en ce que de 1 a 50 
pourcent en moles des radicaux carboxyle desdits motifs anhydride male'ique sont estertfies avec au 
moins un compose" a fonction hydroxy!© n'syant pas plus de deux radicaux hydroxyle par molecule, et 
de presence pas plus d'un radical hydroxyle par molecule, ot dans lequel un tel' compose' est exempt 
de tout radical autre que les radicaux hydroxyle qui sont r6*actif3 avec les radicaux carboxyle ou 

55 anhydride presents dans le polymere et pas plus de 10 pourcent en moles des composes £ fonction 
hydroxyle totaux presents conferment deux radicaux hydroxyte. 
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9- Polymer© d'addition selon la revendication a, carac^ise* en ce que les composes a fonction hydroxyle 
sont choisis dans Is group© forme" par i«s atc£ne alcools ©n C s & Ceo et les monoithers alkyliques en 
Cg a Ceo de poly(oxyde d'&hylene) ayant de 2 h 20 motifs d6riv6s de Poxyde d'£thyl£ne. 

s ,10. Polym&re d'addition selon la revendication 8. caractense" en ce que Id polymers ne contient pas plus 
de 10 pourcent en moles, et de pnSfSrenee pas plus de 5 pourcent en moles, par rapport a la quantUS 
totale d'anhydride malelque present de chaTnas anhydride polymateique qui sont exemptes de motifs 
dferivSs du 1-aJcene. 
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